The prognostic role of echocardiographic right ventricular (RV) dysfunction for predicting mortality in patients with acute pulmonary embolism and a preserved systemic arterial pressure remains controversial.
A
CUTE PULMONARY EMBOlism (PE) spans a wide spectrum of clinical outcomes, with an overall mortality rate that exceeds 10% at 30 days. 1 The most common cause of death within 30 days is right ventricular (RV) failure. Beyond 30 days, chronic underlying comorbidities such as cancer, congestive heart failure, or lung disease cause most PE deaths. 1, 2 The role of echocardiography for predicting mortality among patients with PE who present with a preserved systemic arterial pressure remains unclear. According to a recent meta-analysis, 3 only 2 small cohort studies 4, 5 have investigated the accuracy of echocardiographically diagnosed RV dysfunction for PE-related death.
The low positive predictive values of 4% 4 and 5% 5 for PE-related in-hospital death raised the concern that echocardiography may not be helpful for prognostication. Therefore, we investigated whether echocardiographic RV hypokinesis helps predict early death in the large group of patients enrolled in the International Cooperative Pulmonary Embolism Registry (ICOPER) who presented with a preserved systemic arterial pressure.
METHODS
The ICOPER enrolled 2454 consecutive patients with acute PE from 52 hospitals in 7 countries, from January 1995 through November 1996. 1 Inclusion criteria were acute PE, diagnosed by the attending physician within 31 days of symptom onset, and major PE first discovered by necropsy. The ICOPER accepted without independent review the diagnoses and interpretation of imaging tests provided by the participating institution. There were no exclusionary criteria.
In this analysis, we evaluated 1035 patients who (1) presented with a systolic arterial pressure of 90 mm Hg or higher and (2) who underwent echocardiography within 24 hours of PE diagnosis. Echocardiographic results were analyzed at each center as showing the presence (n=405) or absence (n=630) of RV systolic hypokinesis. Echocardiographic readers were not blinded to patient data. We excluded 1340 patients who did not undergo echocardiography within 24 hours of PE diagnosis, 63 patients who presented with a systolic arterial pressure of less than 90 mm Hg, and 16 patients with unknown systolic arterial pressure at presentation.
Overall, 88% of the 1035 patients had PE confirmed by findings from necropsy, high-probability lung scan, pulmonary angiography, or venous ultrasound of the leg veins in the presence of a high clinical suspicion of PE. The ICOPER accepted without independent review the diagnosis of RV hypokinesis on echocardiography. In addition, the ICOPER did not issue guidelines for treatment of the enrolled patients who had PE. Decisions to use thrombolytic therapy and placement of inferior vena caval filters were made entirely by site physicians; echocardiographic readers may have been involved in clinical decision making. Follow-up in the ICOPER was accomplished by telephone interview with the patient or the patient's primary care physician. Of the 1035 included patients, 19 (1.8%) were lost to 30-day follow-up-10 with and 9 without RV hypokinesis (P=.24).
We used the Mann-Whitney test for comparisons of continuous variables between patients with and without RV hypokinesis and the 2 test or Fisher exact test for comparisons of nominal variables. We used the Kaplan-Meier estimator and log-rank test to estimate the cumulative probability of 30-day mortality in patients with and without RV hypokinesis. Then, we used the Kaplan estimator to estimate the cumulative probability of 30-day mortality in patients with and without RV hypokinesis while adjusting for univariately significant predictors (Figure 1) . The Cox proportional hazard regression model was used to calculate the univariate hazard ratio of clinical variables for predicting 30-day mortality. We then performed multivariable analysis to identify independent predictors of 30-day mortality using the proportional hazards model. The primary purpose of the model was to assess the prognostic information of RV hypokinesis on echocardiography while adjusting for univariately significant clinical confounders and stratifying by the participating institutions. We analyzed the association between RV hypokinesis and 30-day survival rates separately for institutions with 25 or fewer enrolled patients and for those with more than 25 enrolled patients. We calculated the prevalence of RV hypokinesis and 30-day survival rates for each institution with more than 25 enrolled patients. In addition, we calculated unadjusted hazard ratios of RV hypokinesis for predicting 30-day mortality for each participating country with more than 1 institution (Figure 2 ). All reported P values are 2-tailed.
RESULTS
Age and sex were similar in patients with and without RV hypokinesis ( Table 1 ). In patients with RV hypokinesis, the initial mean ± SD systolic systemic pressure was lower (125±22 mm Hg vs 131±22 mm Hg; PϽ.001), and the initial heart rate was higher (104±21 beats per minute vs 99 ± 22 beats per minute; PϽ.001). In patients with RV hypokinesis, chest pain was less common and dyspnea more common. Cancer was present less often in patients with than without RV hypokinesis. Patients with RV hypokinesis more often underwent thrombolysis or embolectomy.
The overall survival rate was 87.9% (95% confidence interval [CI], 85.8%-89.8%). Sixty-five patients with and 59 patients without RV hypokinesis died during the 30 days of follow-up; the 30-day survival rates for patients with and without RV hypokinesis were 83.7% (95% CI, 79.3%-87.0%) and 90.6% (95% CI, 88.0%-92.6%), respectively (log-rank P value Ͻ.001). The 30-day survival rates adjusted for cancer, congestive heart failure, chronic lung disease, age, and systolic arterial pressure at presentation were 91.0% for patients with and 96.4% for patients without RV hypokinesis ( Figure 1 ).
The univariate hazard ratio of RV hypokinesis for 30-day mortality, stratified by institution, was 2.11 (95% CI, 1.41-3.16; PϽ.001). Clinical predictors of 30-day mortality included cancer, congestive heart failure, chronic lung disease, age older than 70 years, a systolic arterial pressure of 100 mm Hg or lower, the administration of thrombolytic therapy, and a heart rate higher than 100 beats per minute; right heart thrombus on echocardiography achieved borderline significance ( Table 2) . Right ventricular hypokinesis remained an independent predictor of 30-day mortality (hazard ratio, 1.94; 95% CI, 1.23-3.06; P=.004) after adjusting for univariately significant predictors (Table 3) .
Negative and positive predictive values of RV hypokinesis for 30-day mortality were 90.6% (95% CI, 88.1%- 92.7%) and 16.1% (95% CI, 12.8%-19.9%), respectively. Sensitivity and specificity of RV hypokinesis for 30-day mortality were 52.4% (95% CI, 43.7%-61.0%) and 62.7% (95% CI, 59.5%-65.8%), respectively.
In institutions with 25 or fewer enrolled patients, RV hypokinesis was present in 222 (38.3%) of the 579 patients. Thirty-day survival rates were 82.4% in patients with and 88.8% in patients without RV hypokinesis. In institutions with more than 25 enrolled patients, RV hypokinesis was present in 183 (40.1%) of the 456 patients. Thirty-day survival rates were 85.8% in patients with and 93.0% in patients without RV hypokinesis. There was considerable variability in the percentage of patients with RV hypokinesis and in 30-day survival rates among individual institutions with more than 25 enrolled patients ( Table 4) . The hazard ratio of RV hypokinesis for predicting 30-day mortality was similar in Italy, the United States, France, and Mexico (Figure 2 ).
COMMENT
Most patients with recognized PE present with preserved systemic arterial pressure. Whether RV dysfunction independently predicts an increased risk of death has been unclear. When we analyzed this patient population enrolled in the ICOPER, we observed that RV hypokinesis on baseline echocardiography independently predicts decreased 30-day survival. This finding is clinically important because it facilitates rapid identification of high-risk patients who present with a preserved systemic arterial pressure and who might deceivingly seem to be stable and at low risk. Such patients had a surprisingly high 30-day mortality rate of almost 17%. The presence of RV hypokinesis, despite initially preserved blood pressure, almost doubled the risk of death. An unfavorable prognosis based on the initial echocardiogram persisted after adjusting for important clinical predictors of death, including cancer, congestive heart failure, chronic lung disease, advanced age, and the use of PE thrombolysis. Our registry helps validate the trends observed in 3 previous small studies that investigated the prognostic value of echocardiography in patients with hemodynamically stable PE. [4] [5] [6] Among 162 normotensive patients from a single cohort center study, 5 the percentage of patients with RV dysfunction (31%) was similar to our study (39%). Five percent of the patients with RV dysfunction died during hospitalization; in contrast, none died in the group with baseline-preserved RV function (Fisher exact P value, .009). However, this study did not adjust for other clinical predictors of outcome. In a randomized controlled trial of 101 initially hemodynamically stable patients, 4 RV dysfunction did not emerge as an independent predictor of death. In 126 consecutive patients from a single-center study, 6 RV dysfunction was found in 56% of the patients; all 10 in-hospital deaths occurred in patients with RV dysfunction. Both RV dysfunction and cancer remained independent predictors of mortality at 1 year.
In the present study, right heart thrombi were more often present in patients with vs those without RV hypokinesis. The presence of right heart thrombi itself was associated with an increased risk of death within 30 days. This finding emphasizes the need for echocardiography not only to identify patients with PE with RV dysfunction but to diagnose or exclude right heart thrombi.
Our findings regarding echocardiographic RV hypokinesis may be generalizable and may also apply to RV enlargement visualized on chest computed tomography. 7 Among 431 consecutive patients with PE at Brigham and Women's Hospital (Boston, Mass), RV enlargement on multidetector row computed tomography, defined as a right-to-left ventricular diameter ratio greater than 0.9, was an independent predictor of 30-day mortality (hazard ratio, 5.2; 95% CI, 1.6-16.4).
The present study population may not be representative of the entire ICOPER population because echocardiography was obtained possibly more often in patients with more severe PE, and those with minor PE symptoms or signs may not have undergone echocardiographic evaluation. This may also explain the low overall 30-day survival rate of 87.9%. Patients without RV hypokinesis had a 30-day survival rate of 91.6%. Although we did not track the causes of death, it is likely that most of these patients died from underlying disease and not from PE-related complications. After adjusting for important clinical confounders, the 30-day survival rate increased to 96.4% in patients without RV dysfunction.
Right ventricular function was assessed by qualitative interpretation of systolic RV free wall motion, and data on the degree of RV hypokinesis were not obtained. Right ventricular wall motion was not centrally adjudicated. Variability in the interpretation of findings among echocardiography technicians and institutions may potentially have affected our results, and substantial variation in the prevalence of RV hypokinesis was observed among individual institutions. All regression analyses were therefore stratified by the participating ICOPER institutions. In addition, we found similar rates of patients with RV hypokinesis and similar 30-day survival rates in Italy, the United States, France, and Mexico. Another study limitation is that additional echocardiographic findings for evaluating RV dysfunction were not obtained, such as RV dilation, paradoxical motion of the interventricular septum, an increased tricuspid regurgitant jet velocity, or a dilated inferior vena cava without respiratory variation. 8, 9 The finding of RV hypokinesis was probably used to guide the use of thrombolysis in many ICOPER patients, although a substantial number of patients without RV hypokinesis also received thrombolysis. The adjustment for thrombolysis in our multivariable analysis can only partly eliminate this confounding effect.
Nevertheless, the ICOPER is the largest prospective international registry of patients with acute PE, and echocardiography was performed within 24 hours of PE diagnosis in more than 1000 patients who presented with a preserved systemic arterial pressure. There were no exclusion criteria, which led to enrollment of a broad clinical spectrum of consecutive patients. Only 1.8% were lost to follow-up. In conclusion, our study shows that echocardiographic RV hypokinesis independently predicts early death among patients with PE who present with a systemic arterial pressure of 90 mm Hg or higher. The prognostic information obtained from echocardiography in these patients may be increased by cardiac biomarker test results, including cardiac troponins 10 and natriuretic peptides. 11 Our findings are useful both for clinical triage and management of patients with newly diagnosed PE and for planning future trials on reperfusion therapy among high-risk PE patients.
